In recent years we have been able to confirm the observations made by Hahn and Beck (1) in demonstrating a significant protection against ventricular fibrillation following coronary artery ligation in dogs in which a chronic aortico-coronary sinus anastomosis has been produced (2). Our recent interest lies in the physiologic explanation of this protection. Accordingly, we have outlined a series of experiments to elucidate two major points with respect to chronic arterialization of the coronary sinus in dogs: 1) whether retrograde blood flow occurs; and 2) if retrograde blood flow does occur, whether or not this blood first traverses a capillary bed. The following information was therefore first secured in normal control dogs: 1) coronary sinus pressure and oxygen content of coronary sinus blood; 2) quantitative determination of retrograde blood flow following circumflex coronary artery ligation from a point distal to the ligature; and 3) determination of oxygen content and saturation of blood samples taken simultaneously from the pulmonary artery, aorta, and the distal end of the cut circumflex coronary artery. Inasmuch as any operation on the heart, by producing pericardial adhesions, might be presumed to alter these findings, we felt it essential to repeat these experiments in dogs having previously had nondescript cardiac procedures. When graft. These experiments were repeated in dogs in which successful arterialization of the sinus had been performed. Moreover, in these dogs coronary sinus pressure, retrograde flow from the distal cut end of the ligated coronary artery, and oxygen content data were obtained with the graft open and closed.
In recent years we have been able to confirm the observations made by Hahn and Beck (1) in demonstrating a significant protection against ventricular fibrillation following coronary artery ligation in dogs in which a chronic aortico-coronary sinus anastomosis has been produced (2) . Our recent interest lies in the physiologic explanation of this protection. Accordingly, we have outlined a series of experiments to elucidate two major points with respect to chronic arterialization of the coronary sinus in dogs: 1) whether retrograde blood flow occurs; and 2) if retrograde blood flow does occur, whether or not this blood first traverses a capillary bed. The following information was therefore first secured in normal control dogs: 1) coronary sinus pressure and oxygen content of coronary sinus blood; 2) quantitative determination of retrograde blood flow following circumflex coronary artery ligation from a point distal to the ligature; and 3) determination of oxygen content and saturation of blood samples taken simultaneously from the pulmonary artery, aorta, and the distal end of the cut circumflex coronary artery. Inasmuch as any operation on the heart, by producing pericardial adhesions, might be presumed to alter these findings, we felt it essential to repeat these experiments in dogs having previously had nondescript cardiac procedures. When possible, dogs were used in which unsuccessful arterialization of the sinus had been previously performed, with subsequent thrombosis of the Montreal, Canada. sThis study was carried out during the tenure of a Heart Traineeship sponsored by the National Heart Institute.
graft. These experiments were repeated in dogs in which successful arterialization of the sinus had been performed. Moreover, in these dogs coronary sinus pressure, retrograde flow from the distal cut end of the ligated coronary artery, and oxygen content data were obtained with the graft open and closed.
METHODS
Group A constituted the normal control, and consisted of ten mongrel dogs whose weights varied between 11 and 17 kilograms. They were anesthetized with 0.5 cc. of halatal per kg., after which artificial respiration was maintained using intermittent positive pressure. The left chest was opened between the fourth and fifth ribs, the pericardium was opened, and the coronary sinus was cannulated. The cannula was connected to a water manometer, and the sinus pressure and the specimen of coronary sinus blood were obtained. The circumflex branch of the left coronary artery was isolated at its origin and ligated. An incision was made in the artery just distal to the ligature, through which the distal artery was cannulated and specimens of retrograde coronary artery blood were obtained. Simultaneously, aortic and pulmonary arterial blood were also obtained. The minute volume of retrograde bleeding from the distal cut end of the circumflex artery was recorded. The oxygen content of all blood samples was determined according to the method of Van Slyke and Neill (3). Oxygen capacity and saturation were determined in the sample of aortic blood.
Group B consisted of ten mongrel dogs of similar weight on which other forms of cardiac surgery had been previously performed. In four of these dogs a previous attempt at arterialization of the coronary sinus had been made, but the grafts had been demonstrated to be thrombosed and non-functioning. In the remaining dogs the right atrium had previously been opened for a period of six to twelve minutes during hypothermia experiments conducted one to three months previously. In some of the dogs in this group, interatrial septal defects had been created and closed. In five of the dogs, the anterior descending branch of the left coronary artery was ligated at its origin, and in the remaining five, the circumflex branch of the left coronary artery was ligated. The distal segment of the ligated 'vessel was then cannulated, and samples were obtained similar to those in Group A.
Group C consisted of ten mongrel dogs which were first prepared with arterialization of the coronary sinus in a two stage operation. At a first stage, through a left-sided approach, a segment of an external jugular vein was used to anastomose the aorta to the coronary sinus. Three to four weeks later, through a right-sided approach, the coronary sinus was partially ligated, over a probe, to a residual diameter of two or three millimeters. Four to eight weeks following the second stage of the procedure, the animals were anesthetized with halatal, after which artificial respiration was maintained' by -using intermittent positive pressure through an endotracheal tube. The left chest was entered through the fourth intercostal space and all pleural and pericardial adhesions were divided. The vein graft was dissected and examined for patency. Only dogs with functioning grafts were used. An umbilical tape was passed around the graft to permit easy occlusion at the appropriate time 'during the procedure. A needle-tipped polythene catheter connected to a water manometer was inserted into the coronary sinus, after which sinus pressure and blood samples OA1FT LIGATED Lnrt CIRCUMFLEX CORONARY ARTERY The circumflex branch of the left coronary artery is isolated at its origin, and ligated. An incision is made in the artery just distal to the ligature, through which the distal artery is cannulated. Retrograde minute blood flow, and blood samples for determination of oxygen content are obtained from the distal cut end of the circumflex branch of the left coronary artery in this fashion.
were obtained. The circumflex branch of the left coronary artery was carefully dissected to its origin and ligated. The artery was cannulated distal to the ligature and a sample of the retrograde blood was obtained, simultaneous samples being obtained from the aorta and the pulmonary artery. The timed minute volume of retrograde bleeding was then immediately recorded ( Figure 1 ). Then the graft was clamped, and the experiment was repeated ( Figure 2 ). This was the method used for the first five dogs studied.
During the study of the sixth dog, following the clamping of the vein graft, the cannula inadvertently slipped out of the circumflex artery distal to the ligature. It was noted that the retrograde bleeding was dark prior to the clamping of the graft, and that it remained so immediately after clamping. Several minutqs elapsed -before the cannula was reinserted into the artery during all of which time the graft was clamped. It was noted that during the period of time necessary for the reinsertion of the cannula, the retrograde blood changed froni blue to red. Consequently, in dogs 6 to 10, after the graft had been clamped, the circumflex artery was permitted to bleed' freely for a period of two minutes prior to obtaining blood samples for oxygen content.
FIG. 2. MEASUREMENT OF CORONARY SINUS PRESSURES
A needle tipped polythene catheter is inserted into the coronary sinus proximal to its point of partial ligation, and is attached to a water manometer. 'The graft is clamped, and the fall in coronary sinus pressure is recorded. Following a two-minute interval, after clamping of the' graft, a blood specimen is obtained for determination of oxygen content. (Table I) .
2) Group B: Retrograde bleeding from the distal segment of the divided circumflex branch of the left coronary artery ranged from 0.5 to 6.0 cc., with an average of 1.9 cc. per minute (Table  II) (Table I) .
2) Group B: In this group, the findings were similar to those in Group A. Oxygen content varied from dog to dog, but the blood was always highly oxygenated, and except for animal No. 5, approximated that of aortic blood, ranging from 11. (Table II) .
3) Group C: The oxygen content of blood obtained from the distal cut end of the circumflex artery in this group again varied widely from dog to dog. The oxygen-content of the retrograde blood ranged from 1. of 17.1 volumes per cent. Despite the wide range of values in the oxygen content of the retrograde circumflex blood, the latter was constantly venous in nature, and its content was always lower than that of pulmonary arterial blood (Table III) . Moreover, the oxygen content of the retrograde blood was within the limit of that normally expected for coronary sinus blood (Table I) (Table I) .
2) Group B: The mean coronary sinus pressure ranged from 4.0 to 12 cm. of water with an average of 6.7 cm. of water. The one dog with a mean coronary sinus pressure of 23 cm. of water is not included in this average since it was in severe right heart failure, and was included to determine the effect of elevated coronary sinus pressure without sinus occlusion upon retrograde coronary artery bleeding. Coronary sinus blood oxygen content determined in two dogs, was 4.8 and 4.3 'volumes per cent, respectively (Table II). 3) Group C: With the graft open, coronary sinus pressure ranged from 36 to 80 cm. of water with an average of 61 cm. of water. The oxygen content of the blood obtained from the arterialized coronary sinus ranged from 9.7 to 17.9 volumes per cent with an average of 14.0 volumes per cent. There was no direct relationship between the quantity of retrograde bleeding and mean coronary sinus pressure (Figure 3) .
Following the clamping of the graft, the coronary sinus pressure fell significantly towards, but not quite to normal sinus pressure, as established in the normal dogs. These pressures ranged from 9 to 20 cm. of water, with an average of 16 cm. of water. In a few dogs, specimens of coronary sinus blood were obtained two minutes after clamping of the graft. The oxygen content of these samples ranged from 1.7 to 7.1 volumes per cent, with an average of 3.6 volumes per cent. Thus, in these animals, the oxygen content of the coronary sinus blood fell from within arterial range with the graft open, to oxygen contents within normal sinus range following clamping of the graft.
DISCUSSION
The most striking result was the marked difference in the amount and nature of the retrograde bleeding from the distal cut end of the circumflex artery in normal and in sinus arterialized dogs. In all instances the retrograde blood approximated the oxygen content of blood simultaneously obtained from the aorta, and probably originates in the non-occluded coronary arteries by intercoronary arterial collateral flow.
We have, demonstrated that nonspecific cardiac procedures per se alter neither the quantity nor the character of the blood flowing in retrograde fashion from the coronary artery of the normal animal. This change in the character and the quantity of the retrograde blood apparently only follows arterialization of the coronary sinus. These findings attest to the increase in the retrograde flow through the circumflex artery following aortico-coronary sinus anastomosis, and the venous nature of this blood is evidence that it has traversed the myocardial capillary bed, with the extraction of oxygen by the myocardium.
This increase in retrograde flow has been similarly demonstrated by Hahn, Kim, and Beck (4) (6) have shown that 'the retrograde' bleeding in dogs in which the coronary sinus was arterialized acutely varied proportionately with the pressure in the coronary sinus. This relationship was not noted in dogs in which the sinus was chronically arterialized for four to eight weeks ( Figure 3) . Moreover, in several animals in which the coronary sinus pressure was elevated to 48 to 58 cm. of water by complete occlusion of the coronary sinus proximal to its entrance into the right atrium, retrograde flow averaged approximately. 2.5 cc. Though coronary sinus pressure was elevated 8 to 10 times above normal, the flow from the distal segment of the divided circumflex coronary artery was within normal range (13) .
Following occlusion of the graft, the volume of retrograde bleeding from the distal cut end of the circumflex fell, but remained significantly. In the experiments here described, three salient elevated above normal. It seems unlikely that findings emerge which elucidate the protection to the residual elevated coronary sinus pressure alone, the heart afforded by arterialization of the corfollowing occlusion of the graft, accounts for this onary lary bed in retrograde fashion; (c)There is a significant increase in the blood flow occurring via the intercoronary arterial anastomoses.
